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mum of equipment comprising an N-point Fast Fourier 
Transform for dividing the radar’s doppler space into N 
contiguous frequency subbands; a delay line disposed at 
each frequency output port for the FFT for obtaining a 
set of M+l consecutive samples from each subband, 
with the sampling performed at the radar’s pulse repeti 
tion rate divided by N; a single M degree-of-freedom 
adaptive~canceller moving-target indicator; and M+1 
commutating switches for consecutively applying dif 
ferent sets of M+l subband samples to the MTI. This 
operation permits clutter cancellation in each subband 
with N different frequency zeros placed in the radar’s 
doppler space for each MTI degree-of-freedom. 

12 Claims, 1 Drawing Figure 

. A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 

‘ rights associated with a statutory invention registration 

see 35 U.S.C. 157. 
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ADAPTIVE DOPPLER FILTER BANKS 

BACKGROUND OF THE INVENTION 

The present invention is directed generally to systems 
for the cancellation of radar clutter, and more particu 
larly to a radar clutter cancellation system formed with 
a minimum of hardware. 
A radar echo return usually contains both the target 

signal and a clutter signal. The clutter signal arises from 
re?ections from stationary and slow moving back 
ground objects, i.e., rain, chaff, land, and is usually 
much stronger than the target signal. This unwanted 
clutter, however, can be discriminated against by the 
use of a clutter cancelling system. A clutter cancelling 
system operates on the principle that the moving target 
has a doppler frequency shift, but that the stationery or 
slow moving clutter has none or very little. Typically, 
such clutter cancelling systems are designed in one of 
two ways. The ?rst way is to con?gure the system to 
divide the doppler frequency space into two regions-a 
stop-band region and a pass-band region. The doppler 
frequency space comprises the frequencies between 0 
and the pulse repetition frequency. By properly choos 
ing the width and location of the system’s stop-band 
regions, it is possible to effectively reduce the clutter 
noise to an acceptable level. This type of system is gen 
erally referred to as an MTI canceller. The second type 
of system utilizes a plurality of frequency ?lters to di 
vide the doppler frequency space into many narrow" 
regions. Each ?lter corresponds to one of these narrow 
frequency bands. This type of ?lter is generally referred 
to as a doppler ?lter and is formed typically by an FFT 
(Fast Fourier Transform) network. This doppler ?lter 
not only can be used to discriminate against the un 
wanted clutter, but can also be used to resolve the target 
doppler frequency and to provide improvement against 
noise. Recently-developed doppler ?lter systems em 
ploy adaptive doppler ?lter banks and require large 
numbers of digital calculations to be made in a short 
time. The amount of hardware involved to implement 
these systems and the speed at which this hardware 
must operate tend to make these systems impractical. 

OBJECTS OF THE INVENTION - 

Accordingly, an object of the present invention, is to 
cancel radar clutter from a radar signal with a minimum 
amount of hardware. 

It is yet another object of the present invention to 
signi?cantly reduce the number of operations required 
in an adaptive doppler ?lter bank in order to cancel 
clutter. 

Other objects, advantages, and novel features of the 
present invention will become apparent from the de 
tailed description of the invention, which follows the 
summary. 

SUMMARY OF THE INVENTION 

Brie?y, the above and other objects are realized with 
a radar system for cancelling radar clutter comprising 
an N subband doppler ?lter bank for dividing the dop 
pler frequency space of a radar input signal into N fre 
quency subbands and generating a separate subband 
output signal for each of the subbands; an M degree-of 
freedom adaptive moving-target indicator circuit; 
means for obtaining a set of M+l consecutive samples 
for each of the subband output signals sampled at a rate 
of the radar system’s pulse repetition rate divided by N; 
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2 
and means for applying each subband set of M+l con 
secutive samples to the adaptative moving-target indi 
cator circuit in a desired order to remove radar clutter. 

In a preferred embodiment, the applying means is 
formed by M+l comrnutating switches, with each 
comrnutating switch having N positions, designated 
from 1 to N, comrnutating at the pulse repetition rate. 
Also, the sample obtaining means may simply be com 
prised of N delay lines, with a different delay line con 
nected to delay a different separate subband output 
signal, with each of the delay lines having M series 
connected delays, where M is equal to or greater than 1, 
and wherein each of the M series-connected delays is 
equal to the radar interpulse period. Each of these delay 
lines are then tapped in order to obtain the set of M+l 
tapped signals for the particular subband, with each one 
of these M+l tapped signals applied to a different one 
of the M+l comrnutating switches. The N subband 
doppler ?lter bank may be implemented by a Fast Fou 
rier Transform circuit, and these N frequency subbands 
may be contiguous and equal in bandwidth. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE is a schematic block diagram of one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The present invention is based on the placement of a 
single adaptive moving target indicator (MTI) in the 
output of an N subband ?lter bank, and comrnutating 
this single MTI unit from ?lter port to ?lter port of the 
doppler ?lter bank output. 
A basic radar clutter cancelling system 10 using the 

present inventive design is shown in schematic form in 
the FIGURE. The system 10 comprises an N subband 
doppler ?lter bank 12 for vdividing the doppler fre 
quency space of an input radar echo signal from line 11 
into N frequency subbands and generating a separate 
subband output signal for each of these subbands; an M 
degree-of-freedom adaptive moving-target indicator 
circuit 14; means 16 for obtaining a set of M+l consec 
utive samples for each of the subband output signals; 
and means 18 for applying each set of M+l consecutive 
subband samples to the adaptive moving-target indica 
tor circuit 14 to effect a cancellation of the radar clutter 
in that subband. 

Referring now to the N subband doppler ?lter bank, 
the purpose of this ?lter bank is to divide the radar’s 
doppler space into N contiguous subbands, each of 
which spans l/N of the radar’s doppler space. In this 
context, the radar’s doppler space extends from 0 fre 
quency to the radar’s pulse repetition rate. Targets 
moving away from or toward the radar position will 
cause a phase shift (doppler frequency) between two 
adjacent radar echo pulses. This phase shift is equal to 
Z'ITFdT, where E] is the doppler frequency, and T is the 
pulse repetition period for the radar. If the phase shift 
resulting from the target doppler frequency equals 0 or 
211', then it will cancel with the next adjacent echo 
pulse, as if no doppler frequency shift had occurred. 
Thus, the doppler frequency space is generally de?ned 
within the range 0 and Zr. 
The N subband doppler ?lter bank 12 may be imple 

mented in a number of different con?gurations. In a 
preferred embodiment, when digital signal processing is 
utilized, the doppler ?lter bank 12 may be implemented 
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by either a Fast Fourier Transform (FFT), or a discrete 
Fourier Transform. If the radar signal is a continuous 
wave signal, then an analog ?lter bank may be utilized 
to obtain the doppler frequency subbands. 

In the embodiment shown in the FIGURE, the dop 
pler ?lter bank 12 is implemented by an FFT circuit 
comprising a delay line 20 in combination with an N 
point FFT ?lter network 22. In the FIGURE, the FFT 
is a 4-point FFT. Accordingly, the delay line 20 in 
cludes three delay blocks, 24, 26, and 28, each set to 
provide a delay of the radar interpulse perod T. Then, 
the signal is tapped before the ?rst delay block 24 and 
after each of the delay blocks 24, 26 and 28, in order to 
obtain four individual samples. These four samples are 
provided on lines 30, 32, 34 and 36, to FFT filter net 
work 22. 
The FFT ?lter network 22 may be realized by a con 

ventional FFT ?lter network of the type described in 
Skolnick’s Radar Handbook, chapter 35-15, McGraw 
Hill Book Company, 1970. 
One set of weights which may be utilized to imple 

‘ ment a 4-point FFT is as follows: 0,000 for the DC 
component; 0,1'r/ 2,11,317/ 2, for the frequency fundamen 
tal; 0,1r,0,'rr for the second harmonic; 0, 37r/2,-n',1r/2 for 
the third harmonic. These frequency weights for this 
type of 4-point FFT implementation are disclosed in the 
article by B. L. Lewis, and F. F. Kretschmer, Jr. “New 
Class of Polyphase Pulse Compression Codes and Tech 
niques,” IEEE Transactions on Aerospace and Elec 
tronics Systems, Vol. ABS-17, N0. 3, May 1981, pages 
364-372. 

Referring now to the adaptive canceller 14, this can 
celler may take a variety of con?gurations and can use 
any degree-of-freedom that is desirable. This canceller 
can clearly be implemented by any form of open or 
closed loop adaptive canceller system. With respect to 
the term degree-of-freedom, the operation of subtract 
ing two successive echo pulses to cancel clutter is 
viewed as one degree-of-freedom. Likewise, the opera 
tion of subtracting a ?rst and a sescond pulse and a 
second and a third pulse and then subtracting the result 
ing differences is viewed as a second degree-of-freedom 
and removes ?rst derivative clutter. The literature 
clearly discloses circuitry for providing third, fourth, 
and higher degrees-of-freedom for the adaptive cancel 
ler circuit. By way of example, and not by way of limi 
tation, the following cancellers can be utilized to imple 
ment the canceller 14 of the present invention: the 
Gram Schmidt open loop canceller described in the 
article, “Adaptive MTI and Doppler Filter Bank Clut 
ter Filter Processing,” by F. F. Kretschmer, Jr., B. L. 
Lewis, and Feng Ling C. Lin, March Radar Sympo 
sium, Atlanta, IEEE 1984; the Howells closed loop 
canceller as described in US. Pat. No. 3,202,990. 

In a preferred embodiment, the adaptive canceller 14 
may be implemented by an M degree-of-freedom adapt 
ive MTI digital open loop canceller of the type de 
scribed in US. Pat. No. 4,086,592 by Lewis and 
Kretschmer, Jr. 

It should also be noted that the adaptive MTI cancel 
ler 14 may use sliding-window-derived weights ob 
tained from range cells adjacent to those that the 
weights are being used on, in order to prevent target 
cancellation. This sliding-window-weight con?guration 
is described in the article, “A Digital Open Loop 
Adaptive Processor,” by F. F. Kretschmer, Jr. and B. 
L. Lewis, IEEE Transactions on Aerospace and Elec 
tronic Systems, Vol. ABS-l4, No. 1, January 1978. 
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4 
In order to implement M degree-of-freedom adaptive 

canceller 14, a set of M+l consecutive samples must be 
obtained for each of the subband output signals 
FQ,F1,F2, F3, at the ports 40, 41, 44, and 46, respec 
tively. These samples may be obtained using a sampling 
rate of the radar system’s pulse repetition rate divided 
by N. It should be noted that this lower sampling rate 
may be utilized since the Nyquist rate for proper sam 
pling is determined by the bandwidth of the subband, 
and not the entire doppler frequency space. 

In order to obtain M+1 samples for an M degree-of 
freedom adaptive canceller 14, N delay lines are pro 
vided, with a different delay line connected to the out 
put port of each of the frequency ports for the FFT 
?lter network 22. In the FIGURE, the delay line 50 is 
connected to the frequency port 40, the delay line 52 is 
connected to the frequency port 42, the delay line 54 is 
connected to the frequency port 44, and the delay line 
56 is connected to the frequency port 46. Each of these 
delay lines 50-56 is comprises M series-connected de 
lays, where M is equal to or greater than 1, and wherein 
each of the M series-connected delays is equal to the 
radar interpulse period T. For each delay line, means 
are then provided for tapping the signal on that delay 
line at the beginning and after each of the M delays, in 
order to provide M+1 samples from that delay line. 
By way of example and not by way of limitation, and 

for clarity of drawing representation, only a l-degree 
of-freedom adaptive canceller 14 was utilized in the 
FIGURE. Accordingly, each of the delay lines 50, 52, 
54 and 56 is comprised of only a single delay block. 
Samples are taken at the input and the output for each of 
these delay blocks to provide two samples for applica 
tion to the adaptive canceller 14. 
One of the important features of the present invention 

is the use of a single adaptive MTI for cancelling the 
clutter from each of the frequency ports 40-46 of the 
FFT 12. Accordingly, the applying meanslB is utilized 
to apply each set of M+l consecutive subband samples 
to the adaptives moving-target indicator circuit 14. This 
applying means 18 may take a variety of con?gurations. 
In the preferred embodiment shown in the FIGURE, 
the applying means may be formed by M+1 commutat 
ing switches, with each of these commutating switches 
having N positions designated from 1 to N, and commu 
tating at the pulse repetition rate for the radar. In the 
present instance, for one degree-of-freedom, i.e., where 
M: 1, there will be M+1, or, 2, commutating switches 
60 and 62. Each of these commutating switches 60 and 
62 has N positions. In the present instance, for a 4-point 
FFT 12, there are 4 positions, numbered 1-4 for each of 
the switches. Each set of M+1 tapped signals from a 
given delay line (corresponding to one frequency port) 
is applied to the same numbered position of a different 
one of the M+l commutating switches. Each of the 
different delay lines 50-56 has its set of tapped signals 
applied to a different numbered position of the commu 
tating switches. 

In operation of the embodiment shown in the FIG 
URE, a series of N radar echo signals are fed into the 
tapped delay line 20 for the Fast Fourier Transform 
circuit 12. The Fast Fourier Transform circuit 12 oper 
ates to divide the doppler frequency space between 0 
frequency and the pulse repetition frequency for the 
radar system into N frequency subbands. 
The Fast Fourier Transform circuit generates a sepa 

rate subband output signal for each of the N frequency 
subbands. In the present instance, there are 4 frequency 
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output ports 40-46 and the subbands are contiguous and 
equal to UN of the radar’s doppler space in bandwidth. 
The sample obtaining means 16, realized by the delay 
lines50—56, provides a set of M+l consecutive samples 
from each subband output signal, i.e., frequency port. 
Thus, for the one degree-of-freedom adaptive canceller 
used in the example of the FIGURE, two samples are 
obtained from each frequency port, sampled at the rate 
of the radar system’s pulse repetition rate divided by 4. 
The applying means 18, realized by the commutating 
switches 60 and 62, operates to commutate the adaptive 
canceller 14 from frequency port to frequency port at 
the radar’s pulse repetition rate. The rotating poles for 
each of the commutating switches 60 and 62, commu 
tate in synchronism on identical numbered positions of 15 
the switches. Accordingly, the switches 60 and 62 
might both begin at the No. 1 switch position in order to 
apply the 2 samples from the F0 frequency port 40 to the 
adaptive canceller for clutter cancellation. After one 
radar interpulse period, these rotating poles commutate 
to the next switch position, No. 2, and provide the two 
samples from the frequency F1 port 42 to the adaptive 
canceller 14 for clutter cancellation. The switches 60 
and 62 then commutate to the switch positions 3 and 4, 
in synchronism, in the same manner. Accordingly, the 
adaptive canceller MTI 14 is commutated from fre 
quency port to frequency port at the radar’s pulse repe 
tition. This causes each FFT circuit output port to be 
sampled for a radar interpulse period at a rate equal to 
the radar’s pulse repetition frequency divided by N. 
The advantage of the present invention over the prior 

art is in its simplicity and the fact that it obtains opti 
mum results with a minimum amount of hardware. In 
particular, only l/N of the MTI equipment used in prior 
MTI designs is required for the present design. The 
present design allows N different zeros to be placed in 
the radar’s doppler frequency space for each MTI de 
gree-of-freedom (one frequency zero in each of the N 
subbands) and only requires M/N of the operations that 
are required in prior art fully adaptive doppler ?lter 
bank designs. Note that in the present context, the 
placement of a frequency zero at a particular frequency 
in a subband implies that all other frequencies in the 
subband will be passed thru the canceller. This design 
thus permits the adaptive canceller MTI to sense where 
the frequency zeros should be placed in the subbands in 
order to cancel the clutter. Accordingly, the present 
invention operates to cancel radar clutter without can 
celling echos from targets moving relative to this clut 
ter. This clutter cancellation function is performed with 
a minimum amount of hardware. It should be noted that 
the present invention can be implemented in either ana 
log or digital form. 

Obviously many modi?cations and variations of the 
present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as speci?cally described. 
What is claimed and desired to be secured by Letters 

Patent of the United States is: 
1. A radar system for cancelling radar clutter with a 

minimum of hardware, said radar system having a radar 
signal with a doppler frequency space, a pulse repetition 
rate and an interpulse period, comprising; 

a radar echo signal input; 
an N subband doppler ?lter bank for dividing the 

doppler frequency space of said input signal into N 
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6 
frequency subbands and generating a separate sub 
band output signal for each of said subbands. 

an M degree-of-freedom adaptive moving-target indi 
cator circuit, where M is equal to or greater than 
one; 

means for obtaining a set of M+l consecutive sam 
ples from each of said subband output signals, sam 
pled at a rate of the radar system’s pulse repetition 
rate divided by N; and 

means for consecutively applying each set of M+1 
consecutive subband samples to said adaptive mov 
ing-target indicator circuit in a desired order to 
remove radar clutter. 

2. A radar system as de?ned in claim 1, wherein said 
applying means comprises M+l commutating 
switches, with each commutating switch having N posi 
tions, designated from 1 to N, commutating at the pulse 
repetition rate. 

3. A radar system as de?ned in claim 2, wherein said 
sample obtaining means comprises N delay lines, a dif 
ferent one of said delay lines connected to delay a differ 
ent separate subband output signal, each of said delay 
lines having M series~connected delays, wherein each of 
said M series-connected delays is equal to said radar 

' interpulse period; and 
means for tapping the signal at the beginning, the end, 
and between said delays in each of said delay lines 
to obtain a set of M+l tapped signals from each 
delay line, and for each set, applying each of said 
M+1 tapped signals in said set to the same num 
bered position of a different one of said M+l com 
mutating switches, with each different delay line 
set of tapped signals applied to a different num 
bered position of said commutating switches. 

4. A radar system as de?ned in claim 3, wherein said 
N subband doppler ?lter bank is an N-point Fast Fou 
rier Transform circuit for dividing the doppler fre 
quency space into N equal, contiguous frequency sub 
bands. 

5. A radar system for cancelling radar clutter with a 
minimum of hardware, said radar system having a pulse 
repetition frequency and an interpulse period, compris 
mg: 

an N-subband doppler ?lter bank circuit for dividing 
the doppler frequency space between zero fre 
quency and the pulse repetition frequency for the 
radar system into N frequency subbands and gener 
ating a separate subband output signal at a different 
output port for each of said N frequency subbands; 

means for applying a radar echo signal to said doppler 
?lter bank circuit; ' 

N delay lines, a different one of said delay lines con 
nected to each of said separate subband output 
ports, each of said delay lines having M series con 
nected delays, where M is equal to or greater than 
one, and wherein each of said M series-connected 
delays is equal to said radar interpulse period; 

M+ l commutating switches, with each commutating 
switch have N positions, numbered from 1 to N, 
commutating at the pulse repetition rate; 

means for tapping the signal at the beginning, the end _ 
and between said delays in each of said delay lines 
to obtain a set of M+1 tapped signals from each of 
said N delay lines, and for each set, applying each 
of said M+1 tapped signals in said set to the same 
numbered position of a different one of said M+l 
commutating switches, with each different delay 
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line set of tapped signals applied to a different num 
bered position of said commutating switches; and 

a single M degree-of-freedom moving-target indica 
tor connected to each of said M+1 commutating 
switches for adaptively cancelling clutter in each 
of said frequency subbands. 

6. A radar system as de?ned in claim 5, wherein said 
N subband doppler ?lter bank is an N-point Fast Fou 
rier Transform for dividing the radar’s doppler fre 
quency space into N equal, contiguous subbands. 

7. A radar system as de?ned in claim 6, wherein 
M: l. 

8. A radar system as de?ned in claim 6, wherein said 
moving target indicator is an open loop adaptive cancel 
ler. 

9. A radar system as de?ned in claim 6, wherein said 
moving target indicator is a closed-loop adaptive can 
celler. 

10. A radar system as de?ned in claim 6, wherein said 
moving target indicator uses sliding-window-derived 
weights. 
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11. A method for cancelling radar clutter with a mini 

mum of hardware, in a radar system with a pulse repeti 
tion frequency, comprising the steps of: 

dividing and ?ltering the doppler frequency space 
between zero frequency and the pulse repetition 
frequency of a radar echo signal into N contiguous 
frequency subbands and generating separate sub 
band output signals for each of said N frequency 
subbands; 

sampling at the radar system pulse repetition rate 
divided by N each of said separate subband output 
signals to obtain a set of M+1 consecutive samples 
for each subband , where M is greater than or equal 
to one; and 

adaptively cancelling with the appropriate set of 
M+1 consecutive subband samples the clutter 
from each of said frequency subband output sig 
nals. 

12. A method as de?ned in claim 11, wherein said 
adaptively cancelling step includes the step of com 
mutatively switching each set of M+1 consecutive 
subband samples consecutively to a single M + 1 degree 
of-freedom adaptive moving-target indicator circuit. 

t t * Ill 1 


